Damping functions of entangled polymers for shear, uniaxial, biaxial, and planar deformations, as well as normal stress ratios for shear deformations, were obtained from Brownian simulations making use of the primitive chain network model. To investigate the effect of the force balance over the entanglements and of the convective constraint release mechanism, comparisons with predictions of earlier theories and with experimental data in the literature were performed. It was found that the obtained damping functions are close to the three-chain theory [Marrucci, Greco, and Ianniruberto, Macromol Symp, 158, 57 (2000)] suggesting that the force balance is a dominant correction over the basic Doi-Edwards theory as compared with the effect of convective constraint release. Furthermore, the predicted normal stress ratio in shear, i.e., a quantity very sensitive to the different assumptions, is in good agreement with experiments, suggesting that the combination of force balance, convective constraint release, and other relaxation modes, as accounted for through the primitive chain network model, is quite acceptable.
INTRODUCTION
Detailed relaxation mechanisms of entangled polymers are still under discussion, though it has been established that relaxation can be described through molecularly-based mechanisms such as reptation 1) , contour-length fluctuations 1) , thermal 2) and convective 3) constraint release.
In convective constraint release (CCR), as originally proposed by Marrucci 3) , loss of entanglements from a given chain, induced by the convective motion due to the deformation or flow of surrounding chains, generates an accerelation of the relaxation. The CCR has been implemented in constitutive models such as that of Mead, Larson and Doi (MLD) 4) , where the authors show that some basic features in the non-linear rheology of linear polymers are captured. However, it is also known that CCR causes strong damping in the relaxation modulus, and hence that the damping function is underpredicted by, for example, the MLD model as compared with the original theory of Doi and Edwards.
Moving on to a different aspect, force balance (FB) around entanglements has been suggested as a candidate additional mechanism in polymer dynamics. To account for force balance, Marrucci et al. 5, 6) introduced a simple three-chain model where all chain strands are permanently aligned to the principal axes of the deformation. In spite of its crudeness, the three-chain model seems to fit the experimental damping functions quantitatively. relaxation effects.
In this study, a direct test of the combined effects of FB and CCR is performed by using the primitive chain network (PCN) simulations 8) for several kinds of step strain deformations.
Indeed, in PCN simulations, a sliplink network randomly formed in real 3D space relaxes by automatically including network rearrangements due to thermal processes as well as CCR, plus force balance effects on the network nodes.
MODEL AND SIMULATIONS
Since the PCN model has already been presented 8) , only a brief description of the model will be given here, together with some details of the specific role played by FB and CCR. In the The algorithm for change of {Ζ } is triggered by the n values at chain ends. When n in the end-segments of the chains becomes lower than a given minimum (as a result of the transport of monomers), the corresponding end sliplink is removed. On the contrary, when n in the end-segment exceeds a given maximum, a new sliplink is generated by hooking a nearby segment. The number window for n employed in this study is:
The {Ζ } change algorithm allows for diffusion of the chains, and hence for rearrangement of the sliplink network.
In the PCN model, FB is taken into account through the Langevin equations (1) and (3). Notice also that FB in the PCN model applies to segments which are randomly oriented at equilibrium, and remain variously orientated even after deformation or flow, whereas in the three-chain model each segment is aligned to one of three orthogonal directions.
Also CCR is naturally taken into account in the PCN model, by the combined dynamics of {R}, {n}and {Ζ }. Indeed, under a step deformation, first {R} is changed almost affinely (with deviations from affinity due to the force balance). Next, since the change of {R} generates an increase of mean segment length, transport of {n} is induced by the unbalanced tension along the chains. More specifically, since the chain ends are always at equilibrium, monomers in the chain ends are "sucked in" to release the increased tension in the chain interior. Such a monomer number decrease at the chain ends causes decrease of {Ζ } (through the above mentioned algorithm for {Ζ } change), the latter effect being constraint release as induced by convection (CCR).
In the simulations to be reported below, stress relaxation 
The segment number density was fixed at 10. Periodic boundary conditions were used, with a simulation box of size 
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(b) Test of time-strain separability for the data in Fig. 1(a) . Time t k indicates the characteristic value below which the time-strain separability is not satisfied.
results if the average number of Kuhn steps in the segment, n 0 , increases. We used n 0 =23 for Greco's predictions in Fig. 2 , since this value has been reported for PS melts. 10) Concerning comparison with experimental data [11] [12] [13] , Figure 3 shows the absolute value of the ratio Ψ(γ) of secondary to primary normal stress difference in shear deformations, referred to as normal stress ratio. Results from PCN simulations are in between predictions from the threechain model and from the Greco theory, and are consistent with experiments 14, 15) . DE theory gives the lowest Ψ(γ ) in 
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CONCLUSIONS
Primitive chain network (PCN) simulations were performed for large step deformations, and effects of the convective constraint release (CCR) and of the force balance on entanglements (FB) were investigated. It was found that: i)
PCN simulation results for the damping functions are quite close to predictions from the simple three-chain model, thus suggesting that FB may be a needed ingredient in modeling entangled polymers; ii) the damping functions calculated from PCN are fairly close to data available in the literature for shear, uniaxial and planar deformations, whereas PCN predictions for biaxial deformations show some discrepancy, for unknown reasons, from the available data; iii) the PCN normal stress ratio in step shear deformation is in better agreement with experiments than other theories, suggesting that CCR and FB effects are better accounted for in the PCN model.
